the SMAC, they are applicable to any LD assay in which a detergent is used. (Technicon recommends the use of serum rather than plasma in this assay.) We show that these results have clinical significance by comparing data obtained on plasma samples from a normal person and a patient with thrombocytosis ( Figure 2 ).After differential centrifugation, LD was assayed with both the SMAC and System TR, and although for each patient these intersect at the same activity point, the basal activity is higher for the patient with thrombocytosis.
plicity, appeared t#{176} be suitable for use in routine glucose assay.
We found that glucose dehydrogenase in buffer solution is stable for only about two weeks under refrigeration. For better stability and reusability, we have successfully immobilized this enzyme and have adapted this system to an enzymeon-stirrer technique recently developed in our laboratory.
We evaluated this technique and compared our results with those obtained by the conventional method in which the enzyme is used in solution. (5) .
Materials and Methods

Reagents
immobiiization of Glucose Dehydrogenase
An attempt at direct coupling of glucose dehydrogenase to the imido groups on cyanogen bromide (CNBr)-activated cellulose as described in a previous paper (5) was unsuccessful. The low retention of enzyme activity was mainly due to conformational change of the enzyme molecules after immobiination, since most of the enzyme protein was bound onto the cellulose surface. We therefore modified the procedure by adding ethylenediamine and glutaraldehyde to provide spacing groups. The activation of cellulose was essentially the same as described previously. After washing with ethanol, 0.! g of the drained CNBr-activated cellulose was transferred into a beaker containing 30 ml of a solution of equal volumes of ethylenediamine and water and the mixture was stirred for 30 mm at room temperature.
The slurry was filtered and washed four times with 50-mI portions of distilled water to remove unreacted diainine.
The amine-substituted cellulose was then activated with 20 ml of glutaraldehyde/water (10/90 by vol) for 20 mm, and washed thoroughly with distilled water. The drained activated carrier was immediately mixed with 20mg of the glucose dehydrogenase/mutarotase enzyme mixture in 2 ml of potassium phosphate buffer (0.1 mol/liter, pH 7.0) with shaking at 4#{176}C for two to three days under a nitrogen atmosphere. The immobilized enzyme was washed with the same buffer several times before it was loaded onto the stirrer.
The immobilized enzymes were placed in contact with a stirring bar, which we modified from a previous version for easier mounting of immobilized enzyme and better performance ( Figure 1 ). An Aminco filter fluorometer was modified to accommodate the enzyme stirrer as previously reported (5) .
Assay Procedure
Mix 0.2 ml of plasma sample with 0.8 ml of 0.32 mol/liter perchloric acid. Let the mixture stand for 5 mm, then centri- If ZnSO/Ba(OH)2 is used as deproteinizing reagent, add 2.5 ml of water and 1 ml of barium hydroxide to 0.5 ml of the standard solution of glucose or the plasma sample. Wait about 5 mm, then add 1 ml of the zinc sulfate solution. Centrifuge for 5 mm. Use 0.2 ml of the resulting protein-free supernate for glucose assay as outlined above.
Results and Discussion
We optimized each variable of the glucose assay,with use of 50 td of a 1 g/liter glucose solution. The effects of NAD and pH of phosphate buffer on the overall reaction rate are shown in Figures 2 and 3 . The optimum NAD concentration is 0.6 mmol/liter; with higher concentrations there is a slight inhibitory effect. Both tris(hydroxymethyl)aminomethane and phosphate buffer were investigated for the system; with the latter the reaction curve was linear over a broader range and the reagent background was lower. The optimum pH for glucose dehydrogenase in solution is 7.0, but this shifts to 6.8 with the immobilized enzyme. The optimum stirring speed was found to be 1200 rpm; we used a stronger magnet in our new stirrer. The calibration curve is linear to 4.0 g of glucose per liter.
Long-Term Stability of the Enzyme-Stirrer
We observed that glucose dehydrogenase is stable for less than 4 h in water at room temperature, although the manu- We assessed the reproducibility of the method by assay 10 times each day of a 4 g/liter standard solution of glucose for seven days and of a deproteinized plasma sample 10 times a day for three days. For the glucose standard solution, in terms of reaction rate (M/min), the within-day standard deviation (SD) was 1.80 (equivalent to 0.205 g/liter), the coefficient of variation (CV) was 4.6%, mean 39.3; the day-to-day SD was 1.65 (equivalent to 0.188 g/liter), the CV 4.09%, and the mean 40.3. The within-day precision (CV) for plasma was 3.9%, SD of 39mg/liter, and the mean 1.007 g/liter; the day-to-day SD was 17 mg/liter, the CV 1.7%, and the mean = 0.984 g/liter.
In general, a glucose standard solution and samples containing nonmnhibitory substances showed very good reproducibility. For example, two glucose calibration curves, made on two consecutive days under the same conditions, coincided. in a storage solution consisting of 3 ml of phosphate buffer (0.1 moifliter, pH 6.8), 0.3 ml of 5.0 g/liter NAD, and 20161 of 4 g/liter glucose. Before storage, the stirrer was thoroughly cleaned with water or physiological saline solution. The activity of the enzymestirrer had declined to about 15% of its original value after 644 runs in 70 days. Much of this loss occurred during studies of interfering substances and in the analysis of non-deproteinized blood samples. Three more enzyme-stirrers were then made and used for serum sample analysis and to investigate deproteinization reagents. The useful lmfe of these stirrers varied, depending on the success in immobilizing the enzyme and the kind of deproteinization reagent used. From our experience, we estimate that under normal conditions and with
proper care a stirrer should be useful for routine analysis for two months or about 500 runs.
Effect of Diverse Substances
We evaluated the specificity of the present method by adding potentially interfering substances to a 2 g/liter standard glucose solution. The following compounds in the con- we recommend that it not be used as anticoagulant in the blood sample. Hemoglobin in concentrations greater than 50 mg/liter significantly decreases the overall reaction rate, apparently because adsorption of hemoglobin onto the stirrer blocks the active site of the enzyme. (However, the activity of the enzyme stirrer recovers after overnight storage in the storage solution.) Hence, the blood sample must be deproteinized, as is also true of the enzyme used in solution. The activity of glucose dehydrogenase on 2-deoxy.D-glucose is about the same as on glucose. Other sugars that we tested do not react.
Reproducibility Studies Deproteinization Reagents and Comparison Studies
We assayed 18 plasma samples with which potassium oxalate was used as anticoagulant by the present method, without pretreatment. The correlation between results by this method and by the hexokinase method (6) Our results indicate that this system performs satisfactorily in determining glucose. Besides, this technique has several advantages over use of the enzyme in solution:
#{149} Fluorescent background interference originating from the presence of enzymatic protein in the reaction mixture is completely eliminated, thus increasing the sensitivity and lowering the detection limit. #{149} The stability of glucose dehydrogenase at room temperature is greatly improved after immobilization and in addition to the operational simplicity as well as the ease of handling and storage, the enzyme-stirrer device was stable for months and could be used for several hundred assays. All this makes the system an ideal technique for small-volume routine laboratory analysis.
#{149} The rate of catalysis could be regulated by varying the rotating speed of the stirrer to obtain the best conditions for different measuring ranges when the kinetic initial rate is used (5) .
However, the gradual loss of enzyme activity caused by the deproteinizing reagents somewhat shortens the useful life of the stirrer. Even so, our technique is much more economical than use of the enzyme in solution, in terms of cost per assay.
